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1. EXECUTIVE SUMMARY

This report describes work accomplished under contract Option 4 of the Electronic Warfare (EW)
Receiver and Processing Concepts Evaluation Program (RAPCEval 2). The Air Force Research
Laboratory (AFRL) awarded this contract. This branch of AFRL is located at Wright-Patterson Air
Force Base (WPAFB), Ohio. Work was completed on the RAPCEval 1 contract in October 1996,
and the basic contract for RAPCEval 2 was initiated in November 1996. The project includes four
options and has maximum duration of 60 months from the date of award. The Option 4 task of this
program was awarded to Mercer Engineering Research Center (MERC) in 2000. This report
describes work accomplished on the contract from April 1, 2000 through May 11, 2001. In support
of the contract, a number of activities and projects have been initiated. Some of these are complete,
and many more are continuing. A number of activities have spawned new directions for
investigative effort.

The Program Research Standards Committee (PRSComm), established at the outset of the Basic
task, has continued to meet regularly and has provided valuable guidance and suggestions both as
to the direction of students involved in the effort, and the scope and emphasis of the research efforts
in general. Current membership of this committee represents the AFRL, Robins Air Force Base,
Mercer University,and MERC. The specific members are listed in another section of this report
(Section 4, Research Support).

One meeting of the PRSComm was held during contract Option 4. A number of student research
reviews were presented and were approved by the PRSComm in the course of these meetings (see
Section 5, Project Activity). Valuable discussion and suggestions were provided for directing and
focusing the students’ work. In addition, several committee members suggested ways to reduce the
scope or better focus research efforts. Frequently, unanticipated or unknown resources and
techniques were pointed out for the benefit of the students. Another item included is a brief report
summarizing research by Dr. Behnam Kamali, who has advised a number of the RAPCEval student
theses. To become better acquainted with research topics of interest to AFRL, Dr. Kamali last year
traveled to Dayton, Ohio, to discuss with AFRL researchers research directions of mutual interest.
Having chosen transfer domain communication for further study, Dr. Kamali spent several weeks in
the summer of 2000 brushing up on the topic, including the study of several theses furnished by
AFRL. This is the basis for the included report. We expect several students in the future to be able
to conduct research in that area with Dr. Kamali’s direction.

Students engaged in the RAPCEval program have continually enjoyed fruitful contact with
knowledgeable personnel at the AFRL in their respective areas of interest. They have also
interacted with experienced colleagues at Robins Air Force Base (AFB), employees of MERC,
Mercer University School of Engineering faculty, and various representatives of industry.

The RAPCEval contract has stimulated gratifying communication and collaborative research
effort among students, university faculty, MERC personnel, and personnel at the AFRL, Warner
Robins AFB and industry. All parties have expressed satisfaction with the contract results.



2. INTRODUCTION

These tasks specify requirements for analytical and research support of in-house research at the
AFRL in the Sensors Division (SNR). There is increasing sophistication, quantity, and mobility
of hostile radars, such as anti-aircraft missile (AAM), surface-to-air missile (SAM), and anti-
aircraft artillery (AAA) fire control systems. The EW receivers for radar, electro-optic, infrared,
ultraviolet missile warning, and electronic countermeasures need operational upgrades to allow
penetrating aircraft acceptable survivability. This encourages maintenance of in-house laborato-
ries to support development, to evaluate concepts, and to test new receivers, processors, and
software.

2.1 EW Receiver Effort

Complex EW environments have caused employment of numerous receiving systems.
Augmentation of in-house capability for evaluation, novel concept development, and exploitation
of new technology is needed. Computer-aided simulation of new systems and concepts can save
resources. New high-speed analog-to-digital (A/D) converter technology may allow input
frequencies to be digitized in base-band before the crystal video detector, possibly allowing real-
time digitized frequency, pulse width, and pulse amplitude. Advancing materials technology for
infrared (IR)/ultraviolet (UV)/radio frequency (RF) energy offers the possibility of augmented
and combined sensors. Investigation of these materials is needed to reduce the kind and number
of avionics needed in combat. Advances in signal filtering and discrimination, in both hardware
and software, may allow enhancement of fielded EW systems.

2.2 EW Processing Effort

A modern EW system must face an increasing number of hostile multimode threats. Sensors to
intercept such threats now include radar warning and electronic intelligence systems. Informa-
tion from these sensors must be processed, the threat identified, and appropriate countermeasures
initiated to counter these threats. An augmentation of in-house capability is required to evaluate
processor hardware and software, to exploit novel ideas, and to investigate advanced concepts
such as artificial intelligence to determine the nature of the threat, and what countermeasures, if
any, to employ.

2.3 EW Exciter Effort

Digital exciters are being developed to provide a flexible active electronic countermeasures
(ECM) asset against a wide variety of modern threats. The need exists to evaluate the various
exciter architectures, advance and develop unique concepts, and advance the digital exciter
technology base. The novel concepts and technologies must be evaluated for effectiveness
against the proposed application.

2.4 EW Antenna Effort

The role of antennas as the “eyes and ears” of the sensor suites continues to make RF antenna
technology development vital to the Air Force mission. Airborne antenna apertures of the future
will be low cost, broadband, low radar cross section (RCS), and multifunction in nature to earn
their way onto platforms where space is at a premium.



3. SCOPE

The overall program consists of a basic task and four options that are the conglomerate of
different work efforts and technologies within the EW arena. Detailed descriptions are given as
follows:

e Basic Task - The Basic task will provide the tasks necessary to analyze software and
hardware approaches to perform the exploratory development of EW technology in these
hardware technology areas: radar, laser, IR, and UV. The task will analyze receiver and
exciter technology to generate ECM signals to improve ECM system performance. In addi-
tion, the scope of the Basic task will include signal-processing technology related to the
hardware.

e Option 1 - These tasks will be those necessary to analyze receiver technology for application
to modern digital spectrum estimation techniques in order to improve EW/signal intelligence
(SIGINT)/electronic intelligence (ELINT)/IR/electro-optical (EO) receiver performance.

. Option 2 - This option consists of those tasks necessary to identify high risk design areas for
an EW/SIGINT/ELINT/IR/EO hardware approach, to perform exploratory design assess-
ments for selected functions, and to determine the degree of parallel processing achievable.

e Option 3 - This option is “reserved” and will not be funded.

e Option 4 - These tasks are those essential to EW/SIGINT/ELINT/IR/EO hardware and signal
processing including, but not limited to, pulse-deinterleaving, parametric extraction, and
threat identification.

It should be noted that software generated under this contract is not government owned.



4. RESEARCH SUPPORT

For support of the overall contract, a PRSComm was established. Membership for this commit-
tee was most recently updated March 1997. Current members are as follows:

e from the AFRL at WPAFB,

Mr. Nicholas Pequignot (the program manager for AFRL)
Mr. Emil R. Martinsek

Mr. Norman A. Toto

Dr. Duane A. Warner

Mr. Paul J. Westcott

e from Warner Robins Air Logistics Center (WR-ALC),

Mr. Steve Strawn (the program manager for WR-ALC)
Mr. John LaVecchia

Mr. Phil Oliver

Mr. Ches Rehburg

Mr. Larry Sheets

e from Mercer University and MERC,

Dr. Tom Bass (the program manager for MERC)

Dr. David Barwick (chairman of the standards committee)
Dr. Aaron Collins (Mercer University)

Dr. Behnam Kamali (Mercer University)

Dr. Paul MacNeil (Mercer University).

The EW Receiver and Processing Concepts Evaluation Program was awarded to MERC by
WPAFB/AFRL under contract F09603-93-G-0012-0017. This contract is administered through
WR-ALC. The overall program has a funding ceiling of $499,940. Incremental funding will be

accomplished via a series of contract options. The basic contract is $99,998, Option 1 is
$99,998, Option 2 is $99,998, Option 3 is “reserved,” and Option 4 is $49,998.

Funds have been provided for the basic program, Option 1, Option 2, and Option 4.



5. PROJECT ACTIVITY
5.1 Steering Committee, May 2001
5.1.1 Meeting Minutes

EW Receiver and Processing Concepts Evaluation Program
Program Research Standards Committee Meeting

Minutes - 3 May 2001

A meeting of the Program Research Standards Committee (PRSComm) for the RF/Receiver
and Processing Concepts Evaluation Program (RAPCEval) was hosted by Mercer Engineering
Research Center (MERC) on May 3, 2001 at 1:30 p.m. Committee members present were Tom
Bass, Dave Barwick, James Hedge, Behnam Kamali, Paul MacNeil, Phil Oliver, and Nick
Pequignot. Also present were several representatives from Mercer University faculty and the
Center, personnel from Warner Robins Air Force Base, and Tuskegee University, and four
students, who presented talks. All of the talks were presentations of research in progress,
although initial proposals by new students are expected in the near future.

After a brief welcome by Dave Barwick, Tom Bass introduced the students who were
scheduled to speak: Houston Jones, Mark Napier, Zoran Sevarlic, and Bill Elliot. Tom
highlighted briefly some accomplishments of students who have completed the program. During
these remarks, Nick Pequignot noted that two new representatives from The Air Force Research
Laboratory (AFRL) would be joining the Steering Committee to replace two retiring members,
Emil Martinsek and Norman Toto. Those joining the Committee are Tony White and James
Hedge. James will become program manager, replacing Nick Pequignot in that capacity.

Houston Jones began his presentation on error correction in a multipath fading environ-
ment at 1:55. The fading effect is experienced in the wireless environment and is due to both
multipath and Doppler effects. Mr. Jones has used ACOLADE simulation software to define
baseline performance of QPSK modulated signals without the use of error correction technique.
Subsequently he has added Reed-Solomon coding, convolutional codes, and concatenating codes
to the baseline in order to gauge the error correcting effectiveness of each. The data that he has
collected has enabled him to demonstrate interesting conclusions as to the comparable effective-
ness of the three techniques and the SNR required to achieve a specified bit error rate.

The next speaker, Mark Napier, began at 2:30 to describe his work on the use of Reed-
Solomon encoding to improve a proposed aircraft collision avoidance system. After consulting
with Lincoln Laboratory, Mark realized that channel fading is not normally a concern in the
aircraft operating environment. Rather, a common source of burst errors arises from the
possibility of signals arriving from multiple aircraft at the same time. These types of burst



errors, called FRUIT, are to be incorporated into the simulation model. The validation portion of
the research will be completed based on testing for correction of these error types.

At 3:20, Zoran Sevarlic began describing his work on the correction of phase errors with
autofocus techniques. The work stems from the fact that a certain frequency spectrum useful in
identifying a signal source becomes blurred due to aircraft motion. The autofocus techniques of
interest are ways of correcting for second and third order terms in the Doppler shift of the
frequency, as the signal is clear when only linear terms are present. This work is in an early
state, but appears promising. Similar work has been done at AFRL, and Nick Pequignot
recommended that efforts be made to communicate with those who have been involved in earlier
efforts. Earlier efforts to reach the appropriate parties had not yet yielded any fruitful contact.

At 4:20, Bill Elliot began his presentation on a modified near-field technique for
supporting the phased array antenna system. Bill noted that lack of equipment in the field limits
the capability to detect failures in individual antenna elements. Bill has found that faults can be
detected by constructing characteristic plots of the return when one element is presumed to have
failed. When sufficient differences are noticed between such plots and a baseline signature, the
faulty element can be detected. The data gathered thus far indicates this to be a useful approach
to enhancing the testing capability with no significantly increased dedication of test equipment.

During the discussion period, for the benefit of the visiting scholars, Nick Pequignot
described some of the emphases of the program in more detail than had been presented earlier.
He encouraged them to visit AFRL and indicated he would be glad to provide any additional
help that might be needed. He commented further in regard to the communication in regard to
the phase correction problem. Tom Bass committed to follow through on this matter. The
meeting was adjourned at 5:00 p.m.



5.1.2 Agenda

AGENDA

RAPCEval Steering Committee Meeting
Thursday, May 3, 2001 - 13:30 P.M.

Mercer Engineering Research Center
135 Osigian Boulevard, Warner Robins, Georgia 31088

Renew Acquaintances - Refreshments 13:30
Welcome & Introductions - Dave Barwick 13:35
RAPCEval Program Overview - Tom Bass 13:40
Student Presentations

Houston Jones - Error Correction in a Multipath

Environment

Mark Napier - Application of Reed-Solomon En-
coding to Improve Proposed Collision Avoid-
ance System Based on Civilian ATCRBS

Break (non-cleared personnel to go on MERC tour)
Zoran Sevarlic - Use of Auto-focus Techniques in

the Correction of Phase Errors in Radar Sig-
nals

Break (non-cleared personnel return for 15:40 talk)

Bill Elliott — 4 Modified Near-Field Technique
Jor Supporting Phased Array Antenna Systems

Discussions & New Business - Tom Bass

Adjournment




5.1.3 Attendance Roster

The attendees for this meeting, together with their organizations and contact information, are
listed in Table 1.

Table 1. RAPCEval Attendance Roster — May 3, 2001, MERC
# Name Organization Phone Email Address
1 | Tom Bass MERC 478-953-6800 | bass_wt@mercer.edu
2 | Houston Jones Advent (LR) 478-926-8207 | houston.jones@robins.af.mil
3 | Charles Bass MERC 478-953-6800 | cbass@merc.mercer.edu
4 | Skip Finnigan MERC 478-953-6800 | sfinnigan@merc.mercer.edu
5 | Mark Napier Scientific Atlanta | 770-236-6980 | mark.napier@sciatl.com
6 | Phil Oliver WR-ALC/LNERT | 478-926-2588 | phil.oliver@robins.af.mil
7 | C Arthur Crowell | WR-ALC/LNERT | 478-926-2588 | arthur.crowell@robins.af.mil
8 | Legand Burge Tuskegee Univ. 334-727-8355 | lburge@tusk.edu
9 | Behnam Kamali | Mercer Univ. 478-301-2415 | kamali_b@mercer.edu
10 | Nick Pequignot AFRL/SNRP 937-255-6127 | nicholas.pequignot@wpafb.af.mil
x4235
11 | James Hedge AFRL/SNRP 937-255-6127 | james.hedge@wpafb.af.mil
x4349
12 | Heshmat Aglan Tuskegee Univ. 334-727-8857 | aglanh@tusk.edu
13 | David T Barwick | MERC 478-953-6800 | dbarwick@merc.mercer.edu
14 | Paul E MacNeil | Mercer Univ. 478-301-2185 | macneil pe@mercer.edu
15 | John Synder CSA 478-328-3012 | snyder125@home.com
16 | Jack Tehan MERC 941-575-4867 | jtehan@isni.net
17 | Jeng-Nan Juang | Mercer Univ. 478-301-2574 | juang_jn@mercer.edu
18 | Mark Campbell | WR-ALC 478-926-7716 | mark.campbell@robins.af.mil
19 | Zoran Sevarlic WR-ALC 478-926-7718 | zoran.sevarlic@robins.af.mil
20 | Kevin Barnett Mercer Univ. 478-301-2112 | barnett_kd@mercer.edu
21 | Douglas Moody | ARINC 478-322-4616 | dmoody@arinc.com
22 | Bill Elliott WR-ALC/LYSTD | 478-926-3359 | bill.elliott] @robins.af.mil
23 | Larry Grosberg WR-ALC/LNERT | 478-926-2588 | lawrence.grosberg@robins.af.mil
24 | Sammie Giles Tuskegee Univ. 334-727-8995 | giless@tusk.edu




5.1.4 Overview of the Program

An overview of the RAPCEval Program was presented at this meeting by Dr. Tom Bass, Chief
Scientist at MERC.

It is reproduced on the next 11 pages.
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5.1.5 Presentation by Houston Jones

The student briefing presented by Houston Jones at this meeting is reproduced on the next 39
pages.
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5.1.6 Presentation by Mark Napier

The student briefing presented by Mark Napier at this meeting is reproduced on the next 33
pages.
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